The human brain undergoes rapid growth in both structure and function from infancy through early childhood, and this significantly influences cognitive and behavioral development in later life. A newly emerging research framework, developmental connectomics, provides unprecedented opportunities for exploring the developing brain through non-invasive mapping of structural and functional connectivity patterns. Within this framework, we review recent neuroimaging and neurophysiological studies investigating connectome development from 20 postmenstrual weeks to 5 years of age. Specifically, we highlight five fundamental principles of brain network development during the critical first years of life, emphasizing strengthened segregation/integration balance, a remarkable hierarchical order from primary to higher-order regions, unparalleled structural and functional maturations, substantial individual variability, and high vulnerability to risk factors and developmental disorders.
Early Development of the Human Brain from a Connectome Perspective
The structure and function of the brain undergo a highly dynamic and elaborate maturational process from 20 postmenstrual weeks to 5 years of age, corresponding approximately to the period from infancy to early childhood. These precisely regulated changes during this critical phase largely shape subsequent cognitive and behavioral development and lay foundations for essential skills in later life. The history of research in early brain development begins as early as the 1900s, primarily through postmortem histological exploration by neuroanatomists of human fetuses, neonates, and non-human primates [1] . A large amount of information has been obtained from histological sections, and this has provided the basic knowledge about early brain development. Advanced neuroimaging and neurophysiological techniques together with the newly emerging developmental connectomics (see Glossary and Box 1) framework provide unprecedented opportunities to delineate how the human brain develops from a circuitry or network perspective through non-invasive mapping of structural and functional connectome patterns [2] [3] [4] . These advances have led to exciting new insights into the early development of the brain in both healthy and pathological populations, and have paved the way for a better understanding of the origin of complex neural architecture and dynamics as well as of the mechanisms underlying developmental neuropsychiatric disorders. Notably, two largescale projects, the Developing Human Connectome Project and the Baby Connectome Project (Box 2), have recently been launched, reflecting the urgent demand for a better understanding of how brain networks develop from infancy to early childhood, and of how they shape the development of important cognitive and behavioral skills in later life. Despite these advances, the developmental patterns and mechanisms of the human brain connectomes during this period remain to be fully uncovered.
Trends
Following the development of advanced neuroimaging techniques and an emerging developmental connectomic framework, the elaborate and complex reorganization of structural and functional connectomes during the early period of life has been recently explored.
Network neuroscience demonstrates the value of a global balance between integration and segregation in developmental connectome models during early development.
Explorations in pediatric populations at risk of or with developmental disorders reveal disrupted connectomic properties; these have important potential clinical applications in probing and identifying vulnerability during early development.
